Introduction
Ankylosing spondylitis (AS), psoriatic arthritis (PsA), and rheumatoid arthritis (RA) are chronic progressive immune-mediated rheumatic diseases (IMRDs) resulting in pain, deformity, and disability. 1 IMRDs confer substantial humanistic and economic burden. 2, 3 The advent of biologic medications such as subcutaneous tumor necrosis factoralpha inhibitors (SC-TNFis) has transformed the management of IMRDs. 4 Despite the benefits of biologic treatment, a significant proportion of patients with IMRDs fail to respond, lose response, or experience adverse events with first-line biologic treatment and may therefore require treatment with other biologics.
There are several important considerations for the choice of subsequent-line biologic treatment, including diagnosis, patient preferences, comorbidities, and serum status. 5 For some patients, the best option may be treatment with sequential SC-TNFis. [11] [12] [13] In IMRDs, treatment persistence can be used as a proxy for drug effectiveness, safety, and treatment satisfaction. [14] [15] [16] Improved understanding of treatment persistence with sequential TNFis may aid clinicians and patients in decision making and improve accuracy of the expected treatment results. Furthermore, information on health care resource utilization (HCRU) cost consequences of sequential SC-TNFis may guide formularies and other payers on optimal funding decisions. From a payer perspective, high persistence may be considered to drive drug costs. Therefore, exploring total HCRU costs by treatment line may be important to describe the long-term cost implications of treatment persistence.
Numerous studies have described persistence to firstline SC-TNFi (first-line patients) or second-line SC-TNFis (second-line patients) in RA, PsA, and AS. However, only a handful of studies have compared persistence between firstand second-line patients in IMRDs, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and to the best of our knowledge no study has compared and contrasted persistence in first-and second-line SC-TNFis among IMRDs. Similarly, to the best of our knowledge, no study has formally compared costs between first-and second-line SC-TNFis in IMRDs. Therefore, the aim of this retrospective administrative register study was to 1) describe and compare treatment persistence in first-and second-line SC-TNFi patients with IMRD in Sweden and 2) compare and contrast health care costs in first-and second-line SC-TNFi patients.
Methods

Data sources
This retrospective administrative register study was based on pseudonymized data from registers controlled by the National Board of Health and Welfare (NBHW), a Swedish governmental agency with population-based registers on health care accessible for research. All registers in this study have been used extensively in population-based health care research.
The Prescribed Drug Register (PDR) is a populationbased register with all prescribed medications dispensed in Swedish pharmacies from July 1, 2005 . The register captures data on date of prescription and date of dispense, the specialty of the prescriber, anatomical therapeutical chemical code, defined daily dose, package size, and prescription instructions. The quality of the PDR is high, with the loss of patient information estimated to be ,1%.
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The National Patient Register (NPR) is a populationbased register on all inpatient and specialized outpatient care in Sweden. Data on inpatient care are captured from the 1960s, and data on outpatient care are available since 2001. By law, health care providers need to report data on visits to specialized outpatient and inpatient care to the NPR. The quality of the NPR is high, with more than 99% of all somatic (including surgery) and psychiatric hospital discharges registered. 28 The Causes of Death Register (CDR) is a populationbased register on all deaths and their underlying causes in Sweden with data available since 1961. The proportion of missing values in CDR has been estimated at ~1%, and the register has been extensively used for registry research. 29 The NBHW performed the data extraction and pseudonymization of the data.
Study design and patient selection
All patients who filled at least one prescription of an SCTNFi (adalimumab, certolizumab pegol, etanercept, or golimumab) from 1 July, 2005 to January 1, 2013 were identified from the PDR. The study population was derived from the patients identified in the PDR based on inclusion and exclusion criteria designed to identify an adult population who filled a prescription for a new SC-TNFi for treatment of IMRD after the date (May 6, 2010) when all currently approved SC-TNFis were included in the Swedish reimbursement system. The included patients were classified by IMRD-diagnosis. Patients were defined as having either AS (ICD-10: M08.1, M45, M46.1, M46.8, and M46.9), PsA (ICD-10: L40.5, M07.0, M07.1, M07.2, and M07.3), or RA (ICD-10: M05.8, M05.9, M06.0 M06.9, and M12.3). Patients without a registered IMRD diagnosis were either defined as having "other arthritis" (ICD-10: M13) or were left undefined. Furthermore, patients were stratified into first-and second-line SC-TNFi cohorts based on prior SC-TNFi exposure. Patients who filled their first prescription for their first SC-TNFi were defined as first-line patients, whereas patients who filled their first prescription for their second SC-TNFi were defined as second-line patients. Patients were indexed at the first prescription of the relevant treatment course and patients were included in one group only. Details on inclusion
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Persistence and costs with subcutaneous TnF-alpha inhibitors and exclusion criteria and algorithms for stratification are provided in Supplementary material. Figure 1 provides an overview of the study design. Baseline characteristics were measured during a period of 12 months before the index date. To ensure that patients had at least 12 months of HCRU follow-up data available, analyses were restricted to patients who were indexed prior to January 1, 2013. The reason for this was that HCRU data (with the exception for prescriptions) were available till December 31, 2013 only.
Study outcomes
In accordance with the ISPOR Medication Compliance and Persistence Work Group, persistence was defined as the "duration of time from initiation to discontinuation of therapy." 30 Persistence of the relevant treatment was measured from the date the patient filled the index prescription until the end of the duration of the last prescription. Durations of individual prescriptions were derived by multiplying a standard defined daily dose with the number of packages dispensed. Patients were allowed to have gaps between filled prescriptions, but were defined as nonpersistent if they had a gap exceeding 60 days (the "grace period"). The Swedish pharmacy system allows patients to refill prescriptions when two-thirds of the previous prescription has been consumed (eg, after two months of a three-month prescription) and patients may thus accumulate medication. Therefore, patients were permitted to accumulate medication from overlapping prescriptions and use it to cover future gaps between filled prescriptions.
HCRU and associated costs were captured in the PDR and NPR and comprised hospitalizations, outpatient specialist visits, and medication (stratified by treatment type: SC-TNFi, traditional disease-modifying antirheumatic drugs [DMARDs] , and non-DMARDs). Costs of outpatient visits and hospitalizations were derived from DRG weights or, if a DRG weight had not been assigned, simple mean imputation. Medication costs were obtained from the PDR, which captures the costs of all dispensed prescriptions.
Statistical analysis
All study variables, including baseline covariates and outcome measures, were analyzed descriptively. Frequencies and percentages were provided for dichotomous variables. Means and standard deviations were provided for continuous variables. Results were presented for all included patients by index treatment line (first or second SC-TNFi). Comparisons of baseline characteristics and outcome measures between the study cohorts were also conducted. Appropriate tests (eg, t-test, Mann Whitney U-test, Time-to-event was derived using nonparametric survival analysis. Kaplan-Meier time-to-event (survival) functions were estimated with relevant treatment events as failure, and the proportions of patients having experienced an event at specific time points were derived from the failure rates. Estimates of persistence were derived directly from the survival functions.
To account for selection bias, comparisons of persistence between first-and second-line patients were conducted on propensity score matched (PSM) cohorts. In addition, cost comparisons were conducted on PSM cohorts of first and second line patients persistent at 6 months. PSM is a method that aims to reduce confounding bias by matching patients on the predicted probability of belonging to a certain group. 31 Patients initiating a second-line SC-TNFi were defined as cases and matched on propensity score to patients who initiated a first-line SC-TNFi. A logit model was used to derive the propensity score in terms of predicted probability of initiating second-line SC-TNFi treatment given the baseline characteristics presented in Table 1 . Pairs were matched using a greedy algorithm with 5 to 1 digit matching. As suggested by Austin, Ho, Imai et al, balance across strata was evaluated using standardized differences in covariates pre-and post-matching rather than P-values. [32] [33] [34] Rosenbaum and Rubin's suggested definition of balance was applied, ie, pre-and post-standardized differences below 0.1 were accepted. 31 Differences in persistence between first-and secondline treatment cohorts were assessed using long-rank tests between PSM cohorts. Differences in persistence to first and second SC-TNFis across indications were assessed by comparing the median differences in time to nonpersistence between PSM matched pairs across the three indications; the statistical significance of the observed differences were tested using a Kruskal-Wallis test.
Statistical analyses were conducted using SAS software (SAS for XP PRO, Release 9.2 TS2 M3; SAS Institute Inc. Cary, NC, USA).
Results
The numbers of first-and second-line SC-TNFi patients fulfilling the inclusion/exclusion criteria were 4,903 and 845, respectively (Supplementary material). Compared to first-line patients, second-line patients were on average two years older, more likely to be hospitalized, but less likely to have concomitant treatment with either nonsteroidal anti-inflammatory drugs or nonbiologic DMARDs ( Table 1) . The distribution of IMRD diagnoses differed between the two groups (P=0.015), with the largest absolute difference observed for the proportion of patients diagnosed with RA (5.0 percentage points, Table 1 ).
Given the systematic differences in patient characteristics between first-and second-line patients as already described, PSM analyses were implemented. Second-line patients were matched to first-line patients, and four successfully balanced cohort pairs, AS, PsA, RA, and all diagnoses combined, were generated with 169, 146, 460, and 839 patients in each cohort, respectively (Table 2 ).
Comparing persistence rates between the PSM cohorts in the four strata showed that first-line patients had significantly higher persistence than second-line patients in PsA (P=0.036), RA (P=0.048), and all diagnoses (P,0.001) but not in AS (P=0.741) (Figure 2 , Table S1 ). Median survival times expressed as months from initiation of index therapy for first-and second-line patients were estimated at 16.0 vs 11.1 in PsA; 12.4 vs 11.2 in AS; 12.6 vs 9.4 in RA; and 15.2 vs 9.6 in all patients. The difference in median time to non-persistence between patients on first and second-line therapy did not differ significantly across the three indications (P=0.22). 
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In patients who remained persistent with treatment for at least six months, the annualized costs in patients treated with their first and second SC-TNFi were estimated at USD 10,898 and USD 11,328, respectively (difference: USD 860, P,0.001). During this period, mean SC-TNFis costs were numerically lower in second-line patients compared to first-line patients (USD 185, P=0.095). Excluding costs of SC-TNFis, there was no statistically significant difference in costs between first-and second-line patients in the six months preceding indexation (Table 3) . 
Discussion
This study shows that persistence to the first SC-TNFi is higher than persistence to the second SC-TNFi in RA (P=0.048) and PsA (P=0.036), but not in AS (P=0.741). Across all patients, the difference in median time to nonpersistence persistence between first-and second-line patients was estimated at 5.6 months, with no statistically significant difference observed among the three indications (P=0.22). Secondline patients incurred USD 860 (P,0.001) more in annualized HCRU costs compared to first-line patients. The analyses were conducted using propensity score matching, adjusting for observable differences at treatment start. Comparing absolute persistence estimates across studies is challenging given discrepancies in outcome definitions, patient populations, care settings, and statistical methodologies. 30 However, the findings from this study supports the notion that first-line patients have higher persistence than second-line patients in RA 17, 21, 23, 26 and PsA. 18, 19, 26 For AS, the impact of prior TNFi exposure on persistence differs among publications, [20] [21] [22] [24] [25] [26] and this study supports the notion that prior SC-TNFi exposure may not be associated with lower persistence. One potential reason for the differences in findings among the studies is the definition of AS. Saevarsdottir et al showed that persistence for AS, but not for other spondyloarthritides, was modified by prior biologic exposure, 26 indicating that the delineation between AS and non-radiographic axial spondyloarthritis (nr-AxSpA) may be important; albeit in the absence of an ICD-10 code for nr-AxSpA, physicians may use M45.0-M45.9 (AS) codes 35 for nr-AxSpA, resulting in that nr-AxSpA and AS cannot be distinguished in analysis of administrative data where patients are stratified by ICD-10 diagnosis. Another potential reason for the difference in findings between this study and the studies that found lower persistence in secondline patients compared to first-line patients with AS is that this study was conducted using PSM and thereby addressed potential selection bias, whereas the other studies did not adjust for such bias.
This study adds to the existing body of literature by having conducted analyses on administrative data, estimating persistence rates from refill compliance instead of patient reported data, thereby potentially reducing reporting bias. Furthermore, the study controls for differences in patients characteristics at treatment initiation, which to the best of our knowledge, has only been done in one previous study comparing persistence to SC-TNFi in first-and second-line patients. 17 In terms of costs, the findings from this study indicated that second-line patients incur USD 840 higher costs per year than first-line patients. These results complement a recent US administrative claims data analysis that showed that patients who switched biologic incurred higher costs than patients who did not switch (USD 3,759 vs USD 2,343 per month; P,0.05). 36 Furthermore a recent Swedish study showed that patients who were nonpersistent incurred USD 1,730 higher costs per year compared to persistent patients. 37 Given the findings in this study, it is conceivable that a proportion of the costs associated with nonpersistence to the first SCTNFi may be driven by the increased costs with second-line treatment.
The reason for the higher persistence and lower costs in first-compared to second-line patients cannot be directly determined from the data in this study; albeit given that 
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Persistence and costs with subcutaneous TnF-alpha inhibitors the analyses were conducted using a PSM framework, the observed differences should be independent of sex, age, index year, treatment, co-medication, and hospitalization at treatment initiation. One potential reason is that patients who discontinue first-line SC-TNFi may experience a flare and therefore have high disease activity, a factor that has been associated with lower persistence. 17 Another reason may relate to the production of antibodies that may evolve gradually over time. Regardless of reason, prescribing the SC-TNFi with the best first-line persistence first may generate better long-term outcomes given that the second SC-TNFi is associated with shorter persistence and higher costs than the first SC-TNFi. A recent systematic review and metaanalysis compared persistence to etanercept, adalimumab, and infliximab in RA patients, but noted a dearth of studies including more recently approved agents such as golimumab and certolizumab pegol. To the best of our knowledge, only one such study comparing all available SC-TNFis has been published. The study indicated that golimumab had significantly higher long-term persistence than adalimumab and etanercept and that there was a trend towards better persistence to golimumab compared to certolizumab pegol. 37 Long-term real-world persistence data are particularly important given the external validity of long-term persistence estimates from extensions of RCTs. Patients in RCTs differ systematically from patients in clinical practice. 38 In addition, patients in RCTs may change their behavior due to the fact that they participate in a study. 38 These factors may compromise external validity, and it has been shown that adherence to therapy on average is higher in clinical trials than in clinical practice. 39 The main strength of the study is the size and coverage of the data. The PDR captures more than 99% of all prescriptions of SC-TNFi in Sweden. 40 Hence, the study includes virtually all patients who initiated a first-or second-line SC-TNFi in Sweden during the sample selection window (May 7, 2010 to December 31, 2012). Therefore, the study could identify a sufficient number of patients on first-and second-line SC-TNFi across different indications in spite of the relatively limited sample selection window. The study has a number of limitations. The study used administrative data and therefore persistence was estimated using prescription refills, whether the patients actually injected the medications or not could not be determined in the data. Another limiting aspect of administrative data is that clinician-and patient-reported outcomes such as Health Assessment Questionnaire, Disease Activity Score 28, or EuroQol 5 Dimensions are not available. Hence, effectiveness and reasons for discontinuation could not be determined directly. Limitations specific to this study include that the PDR does not record information on exact dosage and that the NPR only registers visits to outpatient specialists, resulting in that primary care and nurse visits are not captured in the data. Furthermore, out of pocket costs are not included in the study, albeit these should be limited reflecting that the Swedish government reimburses any costs for prescribed drugs exceeding SEK 1,100 (approximately USD 140) per year. Furthermore, infliximab is predominately administered during office visits in Sweden, resulting in that the drug is insufficiently captured in the PDR. 40 Hence, some patients in the study may previously have been treated with infliximab. Finally, it should be noted that this study was conducted on Swedish administrative register data and the findings may not be generalizable or applicable to other settings.
There is a need for further research in this field. Firstly, real-world data comparing effectiveness and persistence among all currently available SC-TNFis would be valuable. Secondly, studies capturing additional cost categories could more precisely estimate cost consequences of first-and second-line SC-TNFi treatment. Finally, hybrid studies linking clinical registers to administrative data would allow for more accurate assessment of persistence, compliance, effectiveness, and costs than using either data type in isolation.
In conclusion, this study indicates that treatment with sequential SC-TNFis is beneficial, albeit on average persistence to the second SC-TNFi can be expected to be lower than persistence to the first SC-TNFi. Furthermore, the second SC-TNFi was associated with higher costs than the first SC-TNFi. Therefore, prescribing the SC-TNFi with the best long-term persistence first may be beneficial.
Compliance with ethical standards ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was granted an ethical permit by the Regional Ethical Review Board in Stockholm. The study was approved by the NBHW. 
Supplementary materials inclusion/exclusion criteria
For the first-line cohort, patients meeting the following inclusion criterion were selected for study inclusion:
 At least one dispensed prescription of the following second-line subcutaneous tumor necrosis factor-alpha (SC TNF-alpha) blocker during the sample selection window May 1, 2010 to December 31, 2012:
Patients meeting the inclusion criteria were excluded from the cohort based on the following exclusion criteria:
 Less than 18 years of age on index date  A filled prescription for the index TNF-alpha inhibitor prior to May 6, 2010
 A registered treatment for a TNF-alpha inhibitor in an outpatient or inpatient setting  Fewer than twelve months baseline and follow-up periods due to emigration, death, or end of data availability  A second, third, or fourth line of second-line subcutaneous tumor necrosis factor-alpha inhibitors (SC-TNFis)
 A filled prescription of a SC-TNFi from:
• a department other than (1) rheumatology, (2) orthopedics, and (3) rehabilitation and • a prescriber who was not specialized in rheumatology. The implementation of the inclusion/exclusion criteria on the population are provided in the Figure S1 .
For the second-line cohort, patients meeting the following inclusion criterion were selected for study inclusion:
 At least one dispensed prescription for two of the following SC TNF-alpha blockers, one before and one during the sample selection window May 1, 2010 to December 31, 2012:
 Less than 18 years of age on index date 
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Persistence and costs with subcutaneous TnF-alpha inhibitors • a department other than (a) rheumatology, (b) orthopedics, and (c) rehabilitation and • a prescriber was not-specialized in rheumatology  Third or subsequent SC-TNFi.
The implementation of the inclusion/exclusion criteria on the population are provided in Figure S2 . 
